Objective. The purpose of this study was to examine whether Internet-based surveys of health professionals can provide a valid alternative to traditional survey methods.
Introduction
Postal surveys of health professionals have traditionally been used to assess their knowledge, views and attitudes to inform service planning and provision. In the UK, the shift in emphasis on a primary care-led NHS has meant that GPs receive increasing numbers of questionnaires from academics, industry and other health service providers, leading to a reduction in response rates. 1 The potential to use the Internet as a research tool and not merely an information resource is growing 2 as more doctors go on-line. It is estimated that more than one in eight UK GPs are connected to and familiar with the Internet. 3 The advent of the NHSnet, the NHS computer network, and the establishment of the new NHS e-mail and directory service for all NHS staff in the UK 4 could enable implementation of large-scale Internet-based surveys of GPs and other health professionals. Commercial interest is growing in this area, with doctors receiving invitations to join reward schemes in return for completing web-based surveys, mainly for the pharmaceutical industry (www. Medix-uk.com) . But what are the methodological and technical implications of conducting survey research via the Internet? In this paper we review published Internet-based surveys of health professionals, focusing on issues of external validity, specifically sample representativeness and response rate. In addition, we present a more detailed account of the technical issues in conducting an Internet-based survey of GPs.
Systematic review of Internet-based surveys of health professionals

Methods
We searched Medline and Embase from inception to October 2002 using the following search terms: 'Internet', '(World Wide) Web', 'Survey' and 'Questionnaire'. Additional papers were identified through examining reference lists from identified papers. Papers were included if they reported survey data of health professionals that were collected via e-mail or a specific web site.
Results
Of the 115 Internet-based surveys identified, there were 17 surveys of health professionals, all of which were published between 1999 and 2002. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] All other Internetbased surveys were of populations other than health professionals. We present background details of each survey and specific information pertaining to the external validity of these studies (Table 1) . Survey topics ranged from interphysician communication and issues in the referral process, 5 to practices in intraspinal therapy for pain management, 9 to doctors' experience of patients using the Internet. 16 While most studies utilized professional e-directories of specified health professionals as their sampling frames, 6, 7, [9] [10] [11] [13] [14] [15] 17, 18 some surveys drew on commercial organization e-mail directories 16 or targeted volunteers recruited via web sites 8, 12, 19 or electronic discussion groups. 5 Twelve of the studies reported response rates, which ranged from nine 11 to 94%. 16 Five studies could not estimate response rates as participants were solicited via web sites with unknown denominator populations. 5, 6, 8, 15, 19 Relatively low response rates in Internet surveys have been reported in studies that have directly compared them with traditional paper methods. 10, 11, 17 A substantial increase in response rate following reminders has been found in other electronic surveys of health professionals. 6, 13, 18 Case study: electronic survey of GPs
Methods
We conducted an electronic survey of GPs to investigate their attitudes and expectations about using an Internetbased decision support system for the management of familial cancer. The results of this survey are reported separately. 20 We describe here its design, development and administration. An Internet-based method was chosen as we wanted to sample an Internet-and computerliterate population who are most likely to be early adopters of the technology. 21 Sample The survey was hosted by UKPractice (www.ukpractice. net), a password-protected Internet portal aimed at primary care with 22 000 registered users, all of whom are registered with the UK General Medical Council. Doctors who had accessed the UKPractice site at least once during the 3 months prior to the study were invited by e-mail to participate. The e-mail invitation was sent by the UKPractice Education Adviser, thus maintaining confidentiality of the users' e-mail addresses.
Survey design
The e-mail invitation contained a link to the Internetbased questionnaire. The questionnaire contained 47 questions written in Active Server Page and used JavaScript to verify the authenticity of responses. Eight hours of programming time were required to implement the questionnaire on the Internet and establish the underlying database. Data from completed forms were inserted into an SQL database automatically, and were then imported into a Microsoft Excel spreadsheet for analysis.
To complete the survey, respondents were required to answer questions by clicking in specific buttons that represented points on a Likert scale, or entering free text in specific boxes (Fig. 1) . Users scrolled down the entire questionnaire and finally clicked on the 'submit' button when the survey was completed. The questionnaire was piloted initially with 30 UKPractice users, all of whom completed the questionnaire successfully. Electronic reminders to non-respondents were sent 1 month after the initial invitation, and a further four sent 2, 4, 6 and 8 weeks later. The survey was concluded with a brief telephone follow-up of non-respondents.
Response rate
Of the 1003 e-mail invitations sent, 268 were rejected by the server due to e-mail addresses being either incorrectly spelt or no longer valid. Ninety-one replied stating that they were either not practising GPs or not GPs at all, and a further 31 GPs stated that they did not wish to participate. A technical error over a weekend with the server occurred during the data collection, losing 95 responses, and a further 38 questionnaires were received blank. Some of these were possibly caused by respondents erroneously clicking the 'reset' button before the 'submit' button. After the first e-mail invitation, the adjusted response rate, accounting for invalid e-mail addresses and lost data, was just under 30% (n = 149), but rose to 52.4% (n = 268) following five reminders. A telephone-based survey of non-respondents (n = 72) yielded a response rate of 63%.
Sample representativeness
In this study, we deliberately chose to sample GPs from a technically literate sampling frame. Respondents were based in practices throughout the UK; 70% were male and ~50% had practised for Ͻ10 years. The sample is Family Practice-an international journal therefore unrepresentative of UK GPs as a whole. In the telephone survey of non-respondents, participants were significantly less likely to be male or use Internet-based decision support than respondents in the electronic survey, suggesting a response bias within our target sample of GPs.
Discussion
For health service researchers, there are clearly several benefits of conducting surveys of health professionals via the Internet which make it appear an attractive alternative to postal or telephone methods. Key advantages of using electronic surveys are their relative ease of implementation, and the potential to conduct large-scale surveys whilst eliminating the costs of stationery, postage and administration. 22 Simple questionnaires do not require extensive programming skills or time, and the cost of sending multiple e-mail invitations and reminders is negligible. Electronic surveys allow tighter control of the order in which respondents see specific questions, thus preventing respondents from returning to change their answers. More sophisticated programming allows validation checks as data are collected or randomization of respondents to different versions of the questionnaire. Although automated systems of electronic entry of data into a database exist for paper-based surveys, these are relatively expensive (e.g. www.formic.co.uk). Internetbased surveys allow simple automatic transfer of data into a database, thus eliminating the need for manual inputting and avoiding potential errors of data entry.
As demonstrated in our review of Internet-based surveys and our own experience, some key technical and methodological issues raised by Internet-based survey research should be considered carefully before researchers jump onto the bandwagon. 18, 22 Creating a web-based survey instrument is not simply a case of reproducing an e-version of the paper survey. Formatting may need to be changed to simplify data entry, clarify possible responses and avoid the possibility of submitting data before completing the survey. Because of variation in individual respondents' computer hardware and software, decisions must be made about the complexity of visual design, and therefore speed of download, and the ability to view the whole questionnaire on a range of screen settings. The option to print out and reply to a hard copy of the survey should also be considered. While postal surveys may lose the occasional response, our study demonstrates the potential to lose a much larger amount of data through a brief server failure.
The principal methodological issue arising from our review concerns sample representativeness and therefore external validity of the data obtained, in relation to both the original sample and response bias. Sending reminders represents a potential solution. In our study, the response rate almost doubled following five reminders and achieved rates comparable with those obtained in postal surveys of GPs. 1 As acknowledged in most papers in the review, respondents to electronic surveys are usually unrepresentative of the general population of health professionals even within a certain health care specialty. In a large UK-based commercial scheme that conducts web-based survey research, female doctors are significantly underrepresented. 16 One cannot assume that registered users with a specific web site will necessarily reflect the expected group of health professionals. Although UKPractice is designed for use by GPs, many of its users work in other medical specialities, as we discovered in our survey.
When conducting postal surveys, it is often possible to obtain a complete list of eligible health professionals in a given specialty or geographical location from which to sample. For example, a list of GPs' postal addresses and telephone numbers can be obtained from Health Authorities. Additional information about gender and date of registration can be obtained from the Medical Register, thus enabling sample stratification or selection of specific groups. In the UK, the establishment of the NHS e-mail and directory service for NHS staff raises the possibility of creating an 'e-phonebook' of electronic addresses of NHS health professionals from which researchers could recruit more representative samples for Internet-based survey research. Ideally, this would also contain basic demographic information such as that recorded in the Medical Register. However, if such a resource were created, careful management of who could access this information would be required. General access to this information raises the spectre of electronic overload, which might well be of far greater magnitude than in postal surveys, with a resultant effect on response rates. Alternatively, health professionals could be invited to have their details included in such a database, but this would clearly jeopardize the rationale for its creation in the first place.
Using Internet technology to conduct surveys of health professionals offers many advantages. However, the technical and methodological implications of using this approach should not be underestimated. Further research is required into methods to improve the external validity of electronic surveys, including approaches to increase the representativeness of invited samples and limit response bias. Until it is possible to obtain access to more representative samples of health professionals, the validity of Internet-based survey research remains in doubt.
